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Inves t iga t ions  o f  t h e  region of des t ruc t ions  having resulted 

from the  f a l l  of the Tungus 

c a l c u l a t i o n s  of t h e  shock wave parameters,  having formed during its 

f l i g h t  i n  the  atmosphere [2], permit ted t o  es t imate  t h e  t o t a l  energy 

of des t ruc t ions  as being - lg3 ergs .  The n e t  p i c tu re  of t he  r a d i a l  

f a l l  of f o r e s t  trees from t h e  epicenterpccints t o  the  dominating e f f e c t  

of  t h e  exploding wave, while the cha rac t e r  of the f a l l  i t s e l f ,  and 

i n  p a r t i c u l a r ,  t he  ex is tence  of a "zone of ind i f fe rence"  and of  

s t a n d i n g  t ree  trunks ("telegraph polesrf  ), undoubtly induca tes  t h a t  

t h e  meteor i te ' s  explosion took p lace  i n  the  zir [l]. Thus, the  assump- 

t i o n ,  advanced e a r l i e r  (1925) by A. V. Voznesenskiy, and a l i t t l e  

l a t e r  by L. A. K u l i k  1131, about t h e  overground charac te r  of t h e  explo- 

s i o n ,  found its corroborat ion.  The poss ib le  causes of the  explosion 

w i l l  be e x d n e d  below. 

meteori te  on 30 June 1908 [l] , and 

The motion of the meteori te  i n  the  atmosphere w a s  examined 

by V. A. Bronshten [4] on the  basis of  known equations of meteoric 

physics  [ S ,  61, Solu t ions  were obtained for the  i n i t i a l  masses' range 

105 - 107 tons ,  and i n i t i a l  v e l o c i t i e s  o f 1 1  - 46 km/sec, and a l s o  f o r  

t h e  values  of  t he  r e s i s t ance  f a c t o r  cx/2 = 0.5 + 2. 
The values  of meteor i te ' s  k i n e t i c  energy were ca l cu la t ed  

according t o  those of ve loc i t iesand  final. masses o f  all the  s e r i e s  

of s o l u t i o n s .  The comparison of t he  obtained values  for Ek with t h e  

energy es t imates  brought up above i n d i c a t e s  t h a t  t he  i n i t i a l  ma66 of  
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I 
I 

t h e  meteori te  exceeded 105 tons i n  any case ,  and w a s  l i k e l y  t o  be 

wi th in  lo6 - 10 I 

1 
7 t on  range, which would agree w e l l ,  by t h e  order  of 

I magnitude, with the  Fesenkov's es t imate ,  made on t h e  b a s i s  of  e n t i r e l y  

d i f f e r e n t  cons idera t ions ,  ( s ee  18 J 1. 
i Independently from the  admitted value of t he  i n i t i a l  mass, 

t h e  f i n a l  v e l o c i t i e s  and t he  mass of meteori te  must be included 

wi th in  the  ranges : 16 <vk < 30 km/sec, 4 2 10 L Mk 4 7.5 lo4 tons.  
The Ehgsical meaning of  t he  independence o f  t hese  est imates  

from Mo c o n s i s t s  i n  t h e  f a c t ,  t h a t  for matching magnitude &With 

t h e  d a t a  on des t ruc t ive  energy i n  the  region of t he  f a l l  [l, 2 1  t he  

admitted value of  t h e  res i s tance  f a c t o r  cx m u s t  be r a i s e d  simulta- 
neously with t h a t  of t he  est imate  of I$, i . e .  it m u s t  be considered 

t h a t  tb g r e a t e r  mass undergoes t h e  greater r e s i s t a n c e  in t h e  atnosphere.  

The invse t iga t ions  by Ceplecha [7] of the  Przibram 
shown t h a t  for a l a r g e  meteor body 

s o l u t i o n  v y i a n t ,  corresponding t o  Ido I 10 

Vk = 30 km/sec, & = 2 lo4 tons ,  is  most probable. 

~ 

meteor i te  have 

c,/2== 0.43, and the re fo re ,  t he  
6 tons ,  vo = 35 + 43 km/sec, I 

L e t  us pass  now t o  t h e  physical  i n v e s t i g a t i o n  of  phenomena 
I 

accompanying the  f l i g h t  o f  a l a rge  meteor body i n  t he  Ear th ' s  atmos- 
phere . 

I 
;;hen a body of a 25 t o  30 m diameter moves a t  120 km a l t i t u d e  

w i t h  a cosmic ve loc i ty ,  a shock wave begins t o  form, at whose f r o n t  

t he  temparature T i n  the  i d e a l  case is  determined by the  r e l a t i o n  0 

Y 
- 

, . - e -  
j .  - .  

where cv is the  hea t  capac i ty  o f  t he  a i r  (molar hea t  c a p a c i t y ) ,  

p, is its molecular weight (p = 29). 

index v a r i a t i o n  y I c p /  cv , has  the form 

A more accurate  formula f o r  T o ,  accounting for t h e  ad iaba t i c  
7 
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where 

ahead 

ahead 

a re  the pressure  and dens i ty  r e spec t ive ly  9 . 2  and P1.2 
and behind the  f r o n t  of t h e  shock wave, TI is the  temperature 

of t he  f ron t .  

I n  a r e a l  c s e ,  the temperature a t  the  shck wave's front 
Ty w i l l  be lower than To because of  energy l o s s e s  toward gas disso- 

c f a t i o n  and i o n i z a t i o n  [lo]. The va lues  for To and T 
Y 

a t  various 
7 

meteori te  v e l o c i t i e s  a r e  compiles i n  Table 1 herea f t e r .  

T A B L E  1 

Thus, t h e  temperature a t  t he  f r o n t  of  t h e  Tungusk meteor i te ' s  

shock wave cons t i t u t ed  

minable by formula (11, t o  t h e  r e d  temperzture T may be r e a l i z e d  

by the  empirical. formula 

70000 + 100 OOOO. The trRnsitinn from T;, deter -  

Y' 

(3? ' 0 -0.7 T,= ~ T , v  , 

where '1 =2.27. 

The shock wave's r ad ian t  energy is 

E~,. = aSrT6,, (4) 1 
- 

where 6 is the  Stephan-Boltzmann cons tan t  ; 

su r face  of the  shock wave. It  may be est imated t h a t  Si = 
where SIJ!is t he  su r face  o f  the meteori te ,  which at  t h e  f i r s t  approxi- 

mation we consider  s p h e r i c a l ,  = 5 + 10. Inasmuch as 

S i  is the  r a d i a t i n g  

+, 

s u b s t i t u t i n g  (11, ( 3 )  and ( 5 )  i n t o  (4), vi'e s h a l l  ob ta in  



Eere ,  EM is the  t o t a l  energy of  the  f l y i n g  meteori te ,  s is its 
dens i ty .  A t  t h e  given energy t h e  r a d i a n t  energy increases  in 
d i r e c t  proporf ion t o  the  ve loc i ty ' s  fourth power. 

l i t y  of A. V. Zo10tov8s computations [ll], having taken the bolide's 

co lo r  temperature (upper l i m i t  - 60000) 
t u r e ,  and at tempting t o  ca lcu la te  thereform the  v e l o c i t y  of t he  

f l y i n g  body according t o  formula (1). It must be borne i n  mind, t h a t  

a t  Tg= 70000°, the  r ad ia t ion  n d n u m  is s i t u a t e d  i n  the  u l t r a v i o l e t  

p a r t  oi&khe spectrum. For such a r a d i a t i o n  air is p r a c t i c a l l y  non- 

t r m s ? a r e n t .  However, ahead of the  shock wave f r o n t  t he re  appears a 
heated zone with a considerably g r e a t e r  r a d i a t i o n  surface, than  that 
of  the shock wave. A t  t h e  same time, r e - r ad ia t ion  t akes  place,  and 

t h e  temperature of  t he  ex terna l  zone w i l l  be lower than Ty, and its 
r a d i a t i o n  will s h i f t  i n t o  the  v i s i b l e  p a r t  of t h e  spectrum. Part of 
t h i s  r a d i a t i o n  is p r e c i s e l y  received by the  eye i n  the  form of yellow- 

colored bol ide.  It is therefore  obvious, t h a t  t h e  t e n t a t i v e  by A. V. 

Zolotov t o  determine the  temperature o f  t he  shock wave according t o  

bo l ide ' s  c o l o r  is incons i s t en t ,  while t he  computation o f  meteor body's 

v e l o c i t y  according t h a t  tern- e ra tu re  simply makes no sense.  

In  connection w i t h  t h i s ,  i t  is necessary t o  note  the  f a l l i b i -  

f o r  the  shack ~ a ~ e  t e n p r a -  

"9 

The u t i l i z a t i o n  by Zolotov of  t he  formula l i n k i n g  the l i g h t  

energy (luminous energy) of the explosion E,wi th  t h e  l i g h t  pu lse  

is a l s o  unfounded: 

where R is t h e  d is tance  from the explosion s i t e ,  - r is  the r ad ius  

of t he  i l lumina ted  region,  k i s  the  1Lght a b s o q t i o n  f a c t o r  i n  t h e  

atmosphere. The l a t t e r  has  been taken equal  t o  0.033 Ism-', t o  which 

corresponds an unusually high transparency c o e f f i c i e n t  p = 0.93, 
t o t a l l y  uncha rac t e r i s t i c  f o r  I1taigafl regions*) .  I f  we on ly  admit a 

more r e a l i s t i c ,  though still a lso  high value p = 0.80, we  ob ta in  

p = 0.1 km'l, and a l l  Zolotov's e s t ima tes  change by few order6 . 
* ) "Taigar1 is the  c h a r a c t e r i s t i c  S ibe r i an  f o r e s t .  
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Let  us now pause at t h e  conclusion of  a probable na ture  of 

t h e  T u n h k  meteori te  explosion. The general  hea t  balance equat ion 

f o r  the  meteori te  has the  f o r a  [IO] : 

is the  dens i ty  o f  the shock wave's r a d i a t i o n  flux; vihersd 
Eheat, is t h e  p a r t  of energy used f o r  hea t ing  the body ; T 

are r e spec t ive ly  the temperatures of t he  meteori te  and of t h e  atmos- 
phere. 

Q 
(cm-2. sec-') ; m i s  the  a266 of  the  molecde .  

and T, 

is  the  b i d s h i p "  sur face  ; S is the  s u r f a c e  of t he  body ; M 4 

is the  evaporation h e a t ;  N is the  nunber of vaporizing molecules 

- 
Analysis o f  equat ion (8) shows t h a t  t he  second term of t h e  

lef t -hand p a r t  conditioned by r a d i a t i o n ,  is much g r e a t e r  than t h e  

first one, which is conditioned by hea t  t r a n s f e r  a t  flowing about. 
k 

The hea t  consumption i n  t h e  evapo- 

r a t i o n  process ( t h i r d  term of  the 

right-hand p a r t )  is quickly beco- 

ming much g r e a t e r  than the  3ea t  

consum9tion for the  r a d i a t i o n  

from the meteor body's su r f ace  

(second t e r m ) ,  and t h a t  is why it 

i s  s u f f i c i e n t  t o  examine the  heat  

incoming at t h e  expense of t h e  

r a d i a t i o n  from t h e  shock wave '6 

f r o n t ,  and the  hea t  consumed i n  

the  evaporation. Thei r  dependence 

on t he  a l t i t u d e  is shown i n  f i g . 1  

f o r  an i r o n  meteorite.  

As may be seen from f igure  1 

t h e  r e c e i p t  and consumption o f  heat  

a r e  equal ized a t  t h e  a l t i t u d e  

h equ. = 18 km, the  hea t ing  ceases ,  

and then the  body begins t o  cool o f f ,  

Fig. 1. Energy balznce during the  
motion of  an i r o n  n e t e o r i t e  : 
1-genera l  energy r e c e i p t  ( i r o n ,  

2 - energy r e c e i p t  from the  
shock wave a t  the  expense of  
radiation, 3 - energy r e c e i p t  
a t  the ecpense of  the f lox ing  
around, 4 - consumption of  
energy on t he  evaporation. 

vo = 60 h / s ,  i = 72O,  ro = 10 2 cm), 

and braking s imultaneously,  i t  
reaches t h e  Ea r th ' s  sur face .  There will be the  same p i c t u r e  f o r  s t o n e  
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But i f  we f igu re  t h a t  w e  dea l  with t h e  nucleus o f  a s m d 1  

comet, a s  Astapovich and Jhipple thought i n  t h e i r  t imes,  and i f  we 

admit t h a t  t h i s  body, just as all comet cores  are,  ir, a cong3omerate 

o f  methane-ammoniacal i c e ,  also containing s tone  boulders and d u s t ,  

t h e  p i c t u r e  of phenomena6 w i l l  be qui te  d i f f e r e n t ,  For an i c e  block 

a t  r 5 I d  cm, v = 60 km/sec, i = 72'. t h e  e n e r n  a t  50 Ero d t l t i i d e  

i s e d  f o r  evaporation, is by one order  l e s s e r  than t h a t  received by 
t h e  body from t h e  shock wave . As a r e s u l t ,  the  body is heated i n  depth 

doreLconsiderably, and i t  evayorates f a s t e r ,  i . e . t h e  boundary o f  t h e  

evaporated layer is moving f a s t e r  t o l a r d  t h e  center .  A s u b s t a n t i a l  

m a s s  of the  mat te r  (nea r ly  30::) is evaporated i n  a r e l a t i v e l y  s h o r t  

t i m e  ( 40.2 sec.) .  I f  t he  process goes s u f i i c i e n t l y  fas t ,  t he  evapoo 

r a t e d  p a r t i c l e s  m a y  c r e a t e ,  while outflotving, a s t r o n g  s p h e r i c a l  

shock wave, and  the phenomenon will bear  all the  c h a r a c t e r i s t i c s  of 

an extended explosion . 
ergs/g s e c )  is comparable t o  powder explosion (1013 ergs/$. sec). 

Such phenomenon, s tud ied  i n  more d e t a i l  by Stanyukovich and Shalimov 

E121, may be designsted as If t he rna l  explosion". 

A t  a speed v = 30 km/sec, the  PO- e r  of t he  process  (2  l G 3  

;de have reviewed above the  mechanism wkich may l e a d  t o  t h e  

explosion at time of a s i n g l e  body's f l i g h t  i n t o  the  atmosphere. 

There is however also another  possible  viewpoint on the  s t r u c t u r e  

o f  comet cores.  V. G.  Fesenkov, f o r  example, conside. the core of  a 
comet as a dense c l u s t e r  of  conparat ively s m a l l  bodies. 

Analysis of t he  d i r e c t i o n  o f  tree fa l l  poin ts  with obvious- 

ne66 on t h e  presence of no t  noe, bu t  s e v e r a l  c e n t e r s  of f a l l .  This 

had a l ready  been revealed by L. A .  ICulik. Taking t h i s  i n t o  account,  

Fesenkov proposed still  another poss ib l e  mechanism of des t ruc t ion  

under the  e f f e c t  of t he  oncoming comet core ,  what the Tungusk meteor- 

i t e  unquestionably is. 

A t  time of f l i g h t  i n t o  the t e r r e s t r i a l  ztmosphere of a s u f f i -  

c i e n t l y  dense swarm of  bodies at coslsic ve loc i ty ,  the s w a r m  may be 

surrounded by a general  shock wave. However, a t  its pene t r a t ion  i n t o  

t h e  lower atmosphere l a y e r s ,  i t s  d e n s i t y  must decrease on account of 
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mass d i f f e rence ,  and consequently - of dece lera t ion ,  and its t r ans -  

ve r se  dimensions and l ' lengthll increase .  As si r e s u l t ,  each of the  

sepnra t e  bodies or groups of  bodies of a near ly  s i m i l a r  m a s s  mill 
have ind iv idua l  shock waves- In t h i s  case,  t he  process  of  des t ruc t ion  

o f  t he  swarm's bodies will cezse p r i o r  t o  t h e i r  reaching the ground 

(because of  s u r f a c e  per  u n i t  o f  mass i n c r e a s e ) ,  t h e  shock waves 

having reached t h e  Ear th  w i l l  cause the  observed des t ruc t ions ,  and 

r a d i a t i o n  of a powerful shock  viave m i l l  ensure the  r a d i a n t  burn of 
a s e r i e s  of ob jec t s ,  and i n  p a r t i c u l a r  of t r e e s .  

In conclusion the  authors  wish t o  express  t h e i r  acknowledge- 
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